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Survey of nonylphenol, octylphenol, and bisphenol A levels in crucian carp in Xiangjiang River
and associated health risk assessment YANG Yu, ZHOU lJie, LUO Ya, YU Jie, XU Jie, LI Jing (School
of Public Health, Zunyi Medical University, Zunyi, Guizhou 563000, China)

Abstract:

[Background] Xiangjiang River is the main source of water supply in Zunyi area. With the
acceleration of urban industrialization, the pollution of Xiangjiang River is increasingly serious.
Among many pollutants, nonylphenol (NP), octylphenol (OP), and bisphenol A (BPA), typical
representatives of environmental endocrine disruptors, deserve attention.

[Objective] This study investigates the accumulation of NP, OP, and BPA in crucian carp in
Xiangjiang River and the average contents of NP, OP, and BPA in sediment, and assesses
associated human health risk.

[Methods] In July 2017, six crucian carp samples were collected at each of seven sampling sites
from Beijiao Reservoir to Dingzikou Reach of Xiangjiang River. At the same time, seven sediment
samples were collected in the sampling sites. The contents of NP, OP, and BPA in muscle tissues
of crucian carp samples and in sediment samples were detected by high performance liquid
chromatography. The biological sediment enrichment factor (BSAF) and target hazard quotient
(THQ) of the three substances were calculated.

[Results] NP [(117.59+80.76) ug/kg (in wet weight)], OP [(117.12469.30) ug/kg (in wet weight)],
and BPA [(127.03+93.44) ug/kg (in wet weight)] were detected in muscle tissues of crucian carp
samples at all sampling sites. The contents of NP, OP, and BPA in muscle tissues of crucian carp
samples from the First People's Hospital sampling site were the highest, which were 3.61, 2.37,
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and 11.15 times of the identified lowest concentrations (Beijiao Reservoir sampling site). The contents of NP, OP, and BPA in sediment
samples were (589.8+352.4), (528.5+404.5), and (377.5+228.0) ug/kg (in dry weight), respectively. There were significant positive
correlations between the contents of NP and OP (r=0.441, P=0.003), NP and BPA (r=0.425, P=0.005), OP and BPA (r=0.505, P=0.001) in
muscle tissues among the crucian carp samples. The BSAF and THQ values of NP, OP, and BPA in muscle tissues of crucian carp samples at

each sampling site were less than 4 and 1, respectively.

[Conclusion] NP, OP, and BPA are positive in muscle tissues of crucian carp and sediment samples in the study river, and there is no health

risk to human body.

Keywords: Xiangjiang River; crucian carp; nonylphenol; octylphenol; bisphenol A; health risk assessment

IRIB R 9 W T Y (environmental endocrine
disruptors, EEDs) 2B FMEMMARBERZEHEIE
R, HNNASRESREINNR SRR ERE. &
e, THIEERDBESEY, TEE (nonylphenol,
NP). F & &} (octyphenol, OP) F1 XX & A (bisphenol,
BPA) &2 EEDs RV BRI R, FAFIESE, NP R EEXTHLIK
HERSE P ADWMRERL Y £ERAD. &7
RGO 9B EMER. NP, OPFIBPARIAEFER S
HIZEAETER. KK DB, RBMNEYEAR. B
g, ERNINERZ X TFKEDMEMA NP, OP FIBPARY
i, Lee T MG HEEIEMHIX 16 IR 48 FHET
FRKERIALRF NP RE D ECEE /9 1.01~277 ug/kg
(LUBE) . WangZE MW A MAE R RARMER
AAE () h=fTEEf (HE. EaMEE
&) B94-TEE (4a-NP) Fl 4+ FEEY (4-+0P) R E
PEDFEA 63ng/g M 14ng/go Wong ZE IR BT,
FEEBMXAEMEEE. K KEDBPATER
1.21~8.97 ng/g #11.63~7.02ng/g (LB E it), 52011
F 27 HiABEEIE N T K29 10 £, Mortazavi & " TE R EA
BUERFJAZE RS & T NP, OP #1 BPA 1£ 30 52 & Al Y 1
MR EDED ) 1.92, 3.24, 1.58ug/g (UFE
1) o Errico F M EEAFIALER B FTETE B BREMNL
ES @I SPRNE] BPA. 4-t-OP F 4-NPo

KRR T HIY A, SRS NI, RELCANSI,
2K 155km, FEIBEE X AKX IR KAKRERE
% ER, RERENEFEENTNINE, mE
BEIREBH. H8EARTAIFEENEEZ—, I
KRR, BTEH, REWRENERIR AMEENE
KRR LR, LA SRER™E, Bal, oBH
RENT LA SR BEREE . M TARENRY
FEEENESE Y HITHR. FEEFY AT LM
SIoA7K R BPA R K EE M 0.57 pg/Lo IR A FIRRIAE
EI  HMIAKA NP Y REIRE S 1.73 ug/L ™ B
T eeDs gEBHENRIBE TR B AE SN, FItARE

A AR aN ' AR ERAE M,

K REMTIRIZE 7 M RESREH S
m, KNS A RAELR T NP, OPFIBPANE E, [F
BY 12 R AF AT ER SRR KR A% dm, 4 M JES VB 5 & AP NP
OPFMIBPARI T EZE, A EEYMKREESERF
(biological sediment enrichment factor, BSAF) &1 B #x
18 2 7 X (target hazard quotient, THQ) , #] & 1B~
EEDs TEM AR R BY S KT, & ANAIETR
BRMALERAERENX, M IR EEDs /5 /Y
H—F N, SRR HIBIC AR,

1 MBE5HEE
1.1 NB5iRF

BRI EBIL (Agilent 1260, Agilent, EE),
B ¥ 2 KF (FA2004N, EBHERIRXFENZET,
EH), HEIEEKAR (DK-98-1I, KERHHE, E),
B (Tows, EBLR=, RE), iERES2s (QL-
901, BIIEMIR, hE), WINEITEBE RS TS
(CQ-200, LETERBENBIERATE, RE), FH
NI KM (8GzL, LiEFHER, RE), RFEZE AN
(RE-52S, EBIEREWNEE, FE).

NP A7/ & (Dr. Ehrenstorfer, {2[E) , OP #x/& 4 (Dr.
Ehrenstorfer, E[&) , BPAFR/E M (Supelco, EEH), &
B (Dikmapure, E£E) , k2B (RRERFIRIXF, HEH),
Z Bt [ECke. BEE (&S LHFiEF, PE) &,
1.2 REHE

SR OKMEKEMN S 75E) (BMEAR) ", F
2017 F 7 BEEXTMITHAKERET FHEK, A
B 4L 295007600m 1 1 M EFE &, RHIEE7
NRFER. BEAREMBENRGRZA : s1ILRBKE. s2
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RKABAREBERFTERERES R
(n=7), EREMEBNZERIBEBRPEH. 2K
(-20°C) R7E, UBE D
1.3 HmaiiEsE

B e SARASR, BYOEERTEN0.5g T
BIRER, MAECKE- ZECEEY ((KFRLtkR7 1 3)
3mLo FHEAIH2000r/min A3 15~30s, ERIERE
G172 min, B KBRS 10min, 3000r/min
B 20min (BO¥RA81m), BB ELBERES—
EAFIBIAE R, 50°CKBET, IMA0SmLZEA
2, 0.22um BYUEET R BERBEHER, £
o

BRRHERBAXTERERMA, id 60 Bif.
ERITE 2g R T/NEMFF, IMANECKRE- RERE
AR (AR A1 1) emL, FERES 30s, BEIRS
1h; BEBRREBEBLOED, 4000r/min (BOF
FR8.1cm) B smin, ¥ LEREBRERLKNF, &
B1RE3IR, EH LBER, F40°CKAET ; FH2mL
CRERARZEEN, HEARENERZLEFR, EE
BIE3IR, EHIREAR ; REEZTZE, AimLZ
BER, £02um BVEERTEEEH BB EHEF
#h, _ENAS,

1.4 NP. OP#0 BPA BN 4

& 1 : E-clipse XD8-C18 (150 mmx460 mmx5 pm)
(Agilent, E£E), 8 . 25 -0.1% Kk Z B ((KF3
Eb9:1), B : 35°C, iR : 1mL/min, B A K
K (o) =227 nm, ZHFEK (Aem) =313nm, HFE !
10 uLo KA 3 fE{EMEEL (S/N) SR BYRFN R R E R E
NFEREBR, NP. OP 1 BPA 8910 H PR 53 51 9 3.84.
5.62. 4.29ng/mL, [B] U Z 53 5l /9 90.3%~100.5%.
90.1%~97.5% #1 103.5%~108.2% , ¥6ZE 735179 0.56%~
2.42%. 1.34%~2.97% F10.93%~1.80%0
1.5 FMNiEH
1.5.1 BSAF BSAF RN EYBEIEKIEHFNEDERN
2E, HEARN : BSAF=Cin/Crr, CenFl Crrs 5
B EYMEEMFREFRIRE, BASF>4REBLEY
TEEMERNTEEE 2,

1.5.2 EENFIFN THQRI LSRR Y ZE XY
AERBEFEENRRKE, TEAMAT 2 : THe=
(EFXEDxFIRxcx103) / (RFDXxWABXTA) o Th 0 : EFX R
F|BEIME (365d/F) ; EDNBRBFR, BLALTFIYE
a5 (7045F) ; AR ABYIRELE, IRIB S ERKRALRN

FIEHIED, EANGEREBIEN36g/d; c 2
BHRISRYEE D (mg/kg) ; RFDEZORSEF
2, AENEFRIFEREAEN EHURRBREAE
79 5ug/kg (LAEIT) , BUNBREEFIAAIAZEBPA
SHURBEBANEN 50ug/kg (LUAEIT), oP BREIR
BRI IAEZE1ERKT (NOAEL) , HfEH 10mg/kg (LA
REI) 2 wABRRAERTFIYEKE (60kg) ; TA
NI IRIFEI9 R ERT 8] (25550d) . THQE/NF 1,
WEAZYM R NEBERNSERERNK ; R ZNEE
TR R X Bz,
1.6 FitFES

Fft 5 #X4E X A Microsoft Office Excel 2003 % 12,
LA Shapiro-Wilk ¥ #0117 IES M50, LASPSS 18.0
DIEIE BUBNIES D, XA xts KEKTo A
KL EAANALF NP, OPHIBPAN S EERH
F3 ANOVA 7317, iE—F PR ELIR A LSD %, S &AL
2237 NP, OP #1 BPA & £ [B]HYAE X X F Pearson 73
Mo HLG7KE 2=0.05, TUMHZLE,

2 4
2.1 NP. OP#1 BPA B9t/ IL%

NP B 1% BY [8] £9 9 3.6min, [B]V3 /5 52 A9 y=
10.338x-39.934, R TE & #U R?=0.995, OP Y tH 1% BY [&]
£9793.0min, [BlYAFFEN §=3.138x+22.534, RE R LK
R*=0.996, BPA FY 1 I£ B (8] 29 9 1.6 min, [Bl)3AF 2R
y=3.883x+7.866, JRTE AL R?=0.995,

2.2 BRESEEHNALALHF NP, OPFIBPAME
EREXEST

EXRF S @A RA LRI H NP, oP 1 BPA,
=S RYIBRE 75 (xxs) 519 (117.59+80.76)
(117.12+69.30) . (127.0393.44) pg/kg (LLGEEit),
HBAAEL T NP, OPHIBPANSEERTAITE
BX (P>0.05), EXRF MBI ABRH, s5REF
REMESRYNEERE, SIREAEENRRN,
SSHI B MNP, OPFIBPARN S ERFIESIES 2
B93.6115. 2.37FM11.151%, ER KT 1. £,
EAEAELRIEHF NP, OPFIBPANRE D D H A
(589.8+352.4). (528.5+404.5). (377.5+228.0) ug/kg
(LFEIH,

i) 8 ALY 26 27 &F NP #0 OP (r=0.441, P=0.003).
NP # BPA (r=0.425, P=0.005). OP # BPA (r=0.505,
P=0.001) NEEFEEIEEXXR,
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&1 2017 £ 7 BRTASRE R @A RNARPEEE.
FEBFMWEASE (n=6, pg/kg, x+s)

PRI FEE FEE XXER A
S1 61.62+32.07 84.51+62.88 23.30+14.27
S2 118.45+60.49 94.88+52.90 86.31+68.92
S3 105.94+29.51 95.34466.14 118.89+18.03
sS4 132.18+48.17 117.26468.27 225.91+18.30
S5 222.24+137.51 199.91+59.54 259.87+40.00
S6 107.89+75.48 133.37477.62 97.03+85.86
S7 74.84+37.11 94.62+49.38 77.88+71.67
F 3.444 2.432 15.340
P <0.01 0.045 <0.01

2.3 ZFFXRHSABSAFFITHQ
B REES NP, OP 1 BPA B9 BSAF/\F 4, THQ/NF
1, ERIK 2

®R2 2017 F7 AMTASRERTEE. FEEBFNE AR

BSAF 1 THQ
e EMERBRET (5a0) B REES (TH)
TEE FEE WEA TEE FEE IXER A
S1 0.10 0.16 0.06 7.39x107 5.07x10°° 0.28x10°°
S2 0.20 0.18 0.23 1.42x102 5.69x10°° 1.04x1073
S3 0.18 0.18 0.31 1.27x10? 5.72x10°° 1.43x10°3
S4 0.22 0.22 0.60 1.59x1072 7.03x10°° 2.71x107
S5 0.38 0.38 0.69 2.67x1072 1.20x10° 3.12x10°
S6 0.18 0.25 0.26 1.30x102 8.00x10°° 1.16x1073
S7 0.13 0.18 0.21 8.98x10°° 5.68x10° 0.94x10°3

3 itie

B EKEA : NP, OPFIBPATEIRE P RIS FRBE
MERER M —MEX S RIER 2, ZRRRERE
AT PR N E 3 MBS A, ALt
B0, A IARARTETE 3 MIMEAR DB TR S S,
REH—FINREE, REFNPFIEERE, BPA
FHEERME, HREETER . () kEMREIE
MEBRENAZLTREKFER; (2) BPALEFHH 2
NMEE, WEMRER, ZEERRY ; 3)3MY
Fi, BPARYFEEZ - K BB R 1K (Ilgkow=3.40) ), 3%
KMEFE R, Zhang F P IR T MBI LRIEFR BT
WY EEMENMEEENRER, INAKEFEISE
N BT IYFR T 5 KB HEB95 7K,

BRPARERAET : SEERHENRAR
R RER M EI NP OP A1 BPA, E A1, BPATEEI & LA
HEFRNFEHEERS, MEEFNPHNTEHYEER
Bo ERXRERP, SSEELSWEARERFIMS
RYINTSEYRS, SIEEREERRAALH3
ISR TS ERE, HERFERTEER | S5XF

RAFERMLE, ZA4RB. AOREKX ; BLEZT,
S1REE AT AL L, ARED. REEFEKRZ
2017 5, A8y VBT T BT O KIRERB A K &£ B
¥ NP, OP M1 BPARY /5 2 1B, [EJE # NP. OP F1 BPA
BIRE 5 #9519 7.55~20.80. <0.17. 2.31~13.16 ng/g
(LLFELT) ; KEDYMEAR NP, OP F1BPAYFRE DK
359 17.48~237.12, <0.11~0.61. 0.19~4.36ng/g (LA
FEIiH). 2016 &, Wang EWWRAE T B R IAIIRY
M 3FhEEEZEF 4-NP. BPA. 4-t-OPHIES E, [REH
3FTRYIN S E57 5 124, 18, 4.8ng/g ; B3
TSRYINESE DI 63, 113, 14ng/g. AKX IEERIA
LRI RS A 881 €8 {9 NP, OP #1 BPA Y I & B i in
=T ERAR, Xe8E 518 X i JLE Tk &5 AR
EBREX. BENEYHNATERATABIAA
NP BIRE 5 #0 (337150) pg/ke, XiZm F A RIAE
A& AAAELR N TS E, BIELEI I, RESE
N EEEIARE, RINEZTEENP,

ok, #E R PILELA S NP, OP #1 BPA R R [B) 1 7E
EEAEX, WA 3 MY BRI MR REEE
A% BTG BSAF=4 EAITN R RPN UEYER S
EEYMEATEETERNRR P KARF, FRER
NP. OP 1 BPA HY BSAF 33/\F 4, 15 BRES [ECIE 3 N\ &)
BAAHELEFHINP. OPFIBPAF R EETENE
MR, BPA R BSAF B = T ELfth 2 #4753, iBE BPA BJ
BEEZBEEREFENIEEN, XA8ES BPARLE
MRRFEKEE XK. ZRELSNP. OPH BPARY THQIY
NF 1, RABR R AR ERNE &R, Hath
NP. OP ] BPA B FEEBSIT A B LR ERE,

AR RANTE E R E MR A 8 & 45 foH
INP. OPFIBPARI B EME. AT, E—BFE] =K
B B—EYREE EEITENH R ReeE AR LI,
TEELME M NP, OP A BPA TE LA R Al K &E &
MAERBSRIKF, T—H G INFERME, BRF
BKEEYXT 3MHT RN EEIE T, EINFKE
(3—5 ). thkH (11—2 B) X#, UERFRKE
BT RHENEMEARRIZEE, S50, AIEEREK.
KB EVIHERBITOMN, LIRRIMITRYTEK.
R M RPN DB REBIE .
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